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Quantitative histologic, immunocytochemical, autoradiographic
#nd serologic studies on germfree and conventional animals subjected
to various stresses were performed to assay and separate funetion
and reaction of immunologically competent cell elements and phago~
cytic clements of the reticuloendotheiial sysvem, Lyuph nodes and
splesn of germfree animals exhibit a normal complement of macrophage
es, but reduced number of plasma cells and precursors, Ia both the
sernfree and conventional animal, the lymph nodes draining the in-
testine are more active than peripheral nodes, Howswver, the phago~
cytic and ivmunvlogically competent cell systema are underdeveloped
in the wall .7 tne germfree intestine, Local administration of
bacterial uauig-.y elicits equal serologic and structural response
of the immunologically competent cell in germgree and conventional
anlmals. The known plasma cel)l reaction and rise in serum gamms
globulin f-1llowing sublethal rsdiation is of equal magnitude in germ~
free and conveLiional animals, also indicating & normal responsives
negs of the underdeveloped immunologically competent cell system,
It also suggests that this response does not result from bacterial
sction but cell dbreakdown on either a metabolic or autoimmune basis,
Thus, the small number and virginal state of immunologically come
peteat cells in the germfree animal does not interfere with normal
resction to stress,

NOTE: Coples of this seport sre filed with the Armed Services
Technical Information Agency, Arlington Hall Station,
Arlington 12, Virginia, end may be obtained from that
agency by qualifievd investlgators working under government
contract,
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This study was designed to describe the microscopic, histo-
chemical ard immunocytochemical structure of the reticuoendothelial
systen of normal germfree, monocontaminated (with Escherichis coli)
snd conventional mice, with partiocular emphasis on the alterations
in morpholory and function resulting from varjous experimenvsl
stresses such as whole body irradiation, antigenic challenge, endo-

toxin shock, wound healing snd liver injury,



1I, COUPLETED STUDIES:
A, RETICULOENDOTHELIAL SYSTE( OF UNE™uESSBD GERIFREE iICE,

Y. Light iiloroscopy: Seventy six mice of two straluns were
studied to estabiish the appearance of the spleens and lymph nodas
dra‘ning the gastrointestinal tract versus nodes draining other
parta of the body, The relative distridbution of the various cells
was quantitated by conventional micresocopy. In germfree mice the
lynph nodes draining the gastrointestinal trsct reveal:d c distrie
bution of mserophages similar to conventional animals, presumably
the result of irritation by material not derived from viable dac-
teria, In contrast, plasms cells and precursors sre much sparser
in germfree lymph nodas, In nodes not draining the gastrointesti--.
nal tract, conventionsl animals showed fewer plasma cells and germe
free nodes virtually none, Lymph nodes and spleens of the gerafree
mice contained mors lymphatic tissue but fewer resction centers
than those of the conventional anisshs, Thies specific variation
of activity of mesenchymal elements differentially affecting the
phagocyt!c and immurologlically competent cells in germfree snimals
serves-as a baseline to study respontes to injury,

2. JIzmugonytoohemigtry: The distribution of gamma glodbulin
in the gustcointestinal tract lymph nodes, the syatemic lymph nodes
snd spleen as studled in random germfree and conventiozal mice by
routine lmmuaooytochemical techniques, and was correlated with quan-
titative morphology under the light microscope., Plasza cells showe

ing specific fluorescence when stained with rabdit anti-mouse gamme
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globulin wers numerous in the gastrointestinal traot lymph nodes

of conventional mice but virtually absent in the germfree, Such
gamnme glodbulin containing cells were not found in the spleens of
sither conventional or germfree mice, In lynph nodes anatomically
unralated to the gastrointestinal tract, there were rare plasma-
oytoid cells showing fluorescencs in the conventionsl but virtuslly
none in the germfree, Although the nuaber of plasma ¢slls was ale
vays markedly lower in the gerafree mios, ths number of plasma oslls
with Russel bodies was greater, The scarcity of demonstradls gan-
oe glodbulinin telymphatic tissue of germfree mice aoccompanies the
known hypo-gamms globulinenmia which these anizals deaonstrate,,
presunably dus to lack of antigenic stisulation dy the bacterisl
aicroflora, The absence of viable becteria doss not affeot the
phagocytic function of lymphatin tiasue,

3. Autorsdiography! Sixty six unstreseed gornfree and cone
ventional Swiss !edster mice were given 40 microcuries of tritiated
thymidine intraperitoneally, Aaimals were sacrificed 1, 10, 24
and 43 nours after injeotions, and lymph nodes and spleens were
studled, iost cells ladelled with tritlumwere either hematopoietic
Or precursor cells of the plasma cell series. labelled hematopolie
stic cells, vhen present, were located exclusively in medullsry
cords of lymph nodes and in the red pulp of the spleen, while
labelled imzunocytes were found in the lymph node cortex amd in
splenic follicles; in the lyrph nodes they wers, in sddition, noted
at the corticomedullary junction and in the contiguous portions of

the medullary oords, In cunventional mice labelled immunocytes
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were more numerous in the lymph nodes draining the gsstrointesti-
nal tract and less frequent in nodes draining the extremitles,
Germfree lymph nodes, irrespective of drainage ares, shoved few
such labelled cells, The cells which were found to have incorpoe-
rated the label, one hour following injsctions of tritiated thy~ .
midine can be considered to identify the most aotively proliferate
ing cell population, These cells were identiocal in incidence, looca-
tion ead type with the immunooytes observed by routine microscopy
and lmpunccytochemistry, Thus, short term autoradiography gives

a precise indication of the immunologlc activity of lymphatic tis-
.u..

4, Supmary: The number, distridution, histologic and histo-
chenical characteristios of macrophages in lymph nodes and spleens
of germfres an! conventional mice did not 2iffer; in lymph nodes
the macrophages were found to be reiated only to the area of drsine
age, being more prominent in nodes related to the oropharynx and
intestine than in those relatea to the extremities,

Reaction centers and immunologically competent cells, however,
vwhether defined as (iarschalko plasma cells on couventional micro-
scopy or as gamma globulinecontaining cells by immunooytochemistiy,
were rare in gerufree lymph nodes and spleens and abtundant in com-
parable tissues of conventional mice,

This indicates thet the presence of a microdbial flora affects

the immunologic but not the phagocytic function of lymph ncdes and
spleens,
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1, This study was performed in collaboration with the
Department of Experimental Pathology, ''alter Reed Army Institute
of Research, lialter Reed Army liedical Center, Yashington, D, C,

2, Sixty six germfree and conventlonal Swiss lisbster mice
vere given 40 microouries of tritiated thymidine intraperitoneally
and were sacrificed 1,10, and 43 hours after injection, The termi-
usl lleun was astudled histologically and radiosutographically,

3+ The study revealed that the intestine of the conventional
snimal possesses a bulkier and more cellulsr lanins propria than the
grrufree and that the mitotic rate in the intestinal orypts of cone
ventional mice is significantly greater than in germfree, indicat-
ing that the intestinal flora, even in the unstressed animal accele-
rates mucosal cell replacement, The iutestinsl flora also affects
the kinetics of mucossl cell migration and replacement, Autorsdio-
graphic studies showed that the turnover of ileal epithelium of the
gernfree mouse is approximstely half of the convi.ntional animal,
ith regard to the lamina propria, the conventional state appears
to de one of "physiologic inflammation", In germfree mice the
laming propris contains virtually no reticuloendothelial cells and
the lymphatic tlssue 1s devoid of plasms cells and their precursors,
The lymphatic tissue of the germfree intestine also contained very
few labelled cells indicating the virtusl absence of immunologic

phenomena,



1. Introduction: This study was designed to assay the rs-
sponge of a previously inexperienced lymphatic system, as in germe

free animeals, teo bacus:ial antigens, This was done by determining

(1) the distribution snd fate of injected bacteris, (2) the appear=-
ance and distribution of immunocytes (3) the appearance of reaction
centers and (4) the development of birculating antibdody,

2, |lethods: Seventy seven germfree and 50 conventional ND2
wmice ¥ _a sacrificed 2, 6, 12, and 24 hours, and 2, &, 7, end 14
daye =fter the injection of 0.05 co, uf E, coll OB antigen into the
left paw, One hour before sacrifice, the animale in the 24 hour
and the 4, 7, and 14 day group received sn intravenous injection of
40 mo of tritiated thymidine, Serum was collected for antibody
titer determination, Bilaterel axillary and bdbrachisl lymph nodes
and spleens were rsmoved, Alternating pairs of left and right axile
lary or brachial nodes and half the spleen wers studied lmmunocyto-
chemically for santigen and gamma globulin, The remainder of the
spleen, and the other pair of axil! ary or brachlal lymph nodes were
stained with hematoxylineeosin, glemsa, periodic acid«Seliff and
mothyl green pyronine; radiocautographs were also prepared,

3. Resulcs: All nodes on the injected side enlarged after 6
hours and doubled their weight by 4 days, Particulate antigen ap-
peared in slnus macrophages of all nodes on the injected side after
2 hours but appeared to disintegrate more rapidly in conventional

macrophages, Flasma cell precursors and cells labelled with
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tritiated thymidine appeared in the same areas and in similar num=~
bers in both germfres snd conventional nodes, reaching their peak
at 7 days, Reaction center, mature plasma cells and gamma globdbulim
containing cells increased after 4 days and also resched a maximum
at 7 days in both mroups, Oirculating antibody was present in all
mice with higher titera in the crnventionals,

4, 3Sunmary: Germfree and conventional lymph nodes take up
bacterial antigen rapldly with a similar sequence of morphologic
and serologlc events, with the possible exception of slower disine
tegration of antigen in germfres macrophages, Under the conditions
of thls expsriment, the underdeveloped immunologic system of the
germfree animal responds to challenge like the immunologlcally ex-

perienced conventlonal,

111, STUDIES IN PROGRRSS
A, RESPONSE OF LYLPHATIC SYSTE.. TO ''HOLE BODY IRRADIATION,

Plasme cell proliferation in lymphatic tissue and serum gamma
globulin elevation following whole body irradiation of conventional
animals 1s oonsidered an antibody response to invading microorgan«
ism, To test this hypothesis, 120 germfree and conventional mice
recuived 550 roentgens whole body x-radiation and were sacrificed
at lntervals, Blood was taken for eleotrophoresis; lymph nodes and
syleens were wsixshed and studlied by immunocytochemistry, autoradio.
graphy and guantitative histelogy.
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Disappearance of lymphoeytes in all lymph nodes and spleens
ocourred two days after irradiation; near aormal numbers of lymph~
ocytes vers present at 15 days, Veight loss of lymph nodes and
spleens two days after irradiation with returm tevward normel at 15
days corresponded to disappearanco and resppeazence of lymphooytes,
Plasma cells and gamme globulin containing cells proliferated in
gernfrse and conventional mice, and at 10 days such ocells were the
major constituents of the medullary cords,

The prenence of living bacteria, therefore, does not expiain
the morphologic response of the lymphatic eystem following radia-
tion, as assumed until now; rather, an effect of cell breakdown
products, possibly from lvmphooytes, upon immunologioally competent
cells is postulated, Further investigstion, including cell derivas
tion studies, may show these phenomena to be sither autoimmune or
metabolic reactions, of which the initially underdeveljed lymphaw
tic system of the germfree animal is equally capable, 4s in pra-
vious studies at this dose, mortality wss confined to conventional
mice; all germfree animals survived, The lymphatlc response, as
determined in this study, doea not explain the radioresistance of
th1 germfree animels, The definition of the precise role of the

inpunologic phenomana in the response to irradiation are under study,

B, RESPONSE OP_LY.(PHATIC SYSTPi TO LIV-R INJURY,

Increase in the size of the lymphold systenm snd serum gamma
g.ohulin elevation are common findings in chrunic liver disesse in
man and experimental animals, The etiology of the gamma globulin
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elevation and concomitant pulp cell hyperplasis in spleen and

lymph nodes in natural or experimental livar diseass is not clear;
it may (1) represent antidbody against liver and thus implicate suto-
immune mechanisms in the chronicity of liver disease; (2) represent
an anamnestic response to nornelly occurring microbial antigens

with liver injury providing an adjuvantelike effect; (3) reflect a
change in the bacterial flora secondary to liver disease with pre.
dominance of more antigenic orgenisms or (4) represent a decressed
catabolism or a non-specific increase in asymthesis of gamma glohulin,

Since such an experiment had never been performed in isolator
naintained animals, and in o-der to determine the morslity and the
most appropriate times for ca:rifice, s group of 63 gerufree and
conventional IOR strain mice were given 0,03 ml carbon tetrschloride
suboutaneously, twice weekly, beginning et age of 10412 weeks, Mice
wore sacrificed 2, 3, &4, 8, 12 and 14 weeks latar and liver spleen
and lysph nodes were weighed and prepared for routine microscopy,
histochenistry and immunooytochemistry,

A striking mortality of approximately 507 was seen during the
first month, in gernfree and in isolatcor maintained conventional
mice, Cirrhosis was seen in germfree males and females and in
conventional males after 12 weeks of carbon tetrachloride adminis-
tration, Oonveational female mice d1d not show cirrhosis at 14
weeks, The pepatic lymph nodes of germfree and isolator reared con-
ventional mice showed a moderate plasmacytosis beglnning at 5 weeks,
Serum gemma globulin did not change significantly in conventional
mice; however, theie wus a siigat rise in the germiree beginning ¢

weeks after carbon tetrachloride,



«10=

In a similar experiment on conventional mice kept in open
animel rooms (at the ;iount Sinal Kospital) there was s definite
clrrhosis at 9 weeks and a marked plasmacytosis of the lymph nodes
and significant slevation uf serum gamma globulin begimning at 4
wesks,

Since the conventional mice maintained in isolators showed no
elevation in <srum gamma globulin while mice maintained in open
animal rooms do show s rise, further groups of open and isolator
naintained conventiocual rice are being studied, The slight rise
in gamma globulin shown by germfree mice suggests that bacterie Jo
not play a significant role, however, larger number of animals,
sacrificed 1, 2 and 3 months after injection must be studisd to ex-

tend and confirm these prelininary results,

£V, STUDIES IN RRERARATION

A, THE InMUNOLOGY OF JOUND HEALING,

The rate of wound healing end the tensile strength of wounds
is omarkedly reduced in germfres animals, ZThe causs of tais heal-
hg deficit 1s not clear, It may be due to the absence of irritate
ing and stimuleting microorganisms or it may be due to a basic
metabolic difference in the response of the lymphoid system to ine
Jury,

4 small numder of germfree mice have recently been found with
self-inflioted chronic peri-auricular wounds, Extensive bacterio-
logic and histologic examination revealed no evidence of bacterial
contanination, Lymph nodes draining the site of injury were lare
ger than thelir opposite counterpart in the seme anatomin location,
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and contained many very active reaction centers snd sheets of
plasma cells, The axillary and popliteal lymph nodes of these
animals showsd more plasma cells than usual in germfres animals
but their number did not approach that of the cervical nodes
which came from the drainsge area of the lesions, The spleens
and mesenteric nodes were not remarkable aud showed the usual
structure of gernfree lymphatic tissue,

To ascertain the role of thelymphatic tissue in the local re-
sponse to injury, this study will utilize standard inocisions, ep~
plication of neorotizing chemicals such as croton oil and subou~
taneous deposition of irritants such ss turpentine, The lesions
will be placed in the drainage srea of the axillary lysph nodes
which will be studied histologicslly, histochemically and immumo-
aytochemie&Xdy. Comparison of germfree and conventional animals
will further define the role of the baoterial flors and in the
impunologic phenomens which are involved,

Adrenocortical hormones influence the entire spectrum of

responses to injury. Resistance to microorganisms is often de-
creased and interourrent infections complioate experiments which
try to define broader aspects of corticold effeot,

Studies of lymphatic tissue in steroid-treated conventional
animsals are often difficult to evaluate bscause hormone effect as
such can not bd distinguished from ocoinciding response to miocrodlal
invasion, Germfree animsls exclude this variable and peraitv more
precise observetions of cellular and fusctlional amorphology,
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Groups of germfree and conventional mice will receive graded
doses of cortisone and matched groups will be injected with saline,
The animalo will be studied histologiocally, biochemically, and ipe
munologlically and, in addition, body weight and survival times will
also be recorded, It is expected that germfree mice will lose less
wveight, survive longer, and show fewer ochanges in all parameters
studied,

RESPONSE Q LHA
19,0 TAANSPLANTATION
The unstimulated lymphatic tissue of germfree animals serv:r

83 8 pure and well controlled sudject for study of aging prooessss,
particularly as relat+d to the phenomenon of immunologlical tolerance,
erd for studies of the responss to sxtermal stresses such as endo~
“vln and tissue transplantation, Such studies, as desoridbed in
Pravious reports, ars currently under considerstion,

One additional study, currently in the planning stage, im the
evalustion of the role of the mierodial flors and endotoxin in the
etiology of oirrhosis, Fine and Rutenberg and recently Broitmen
(Ped.Proc. 22:511, 1963) have suggested that either pathogenic alcroe
organisss or oral endotoxin are essential, together with dletary
deficlency in the etiology of cirrhosie, Thus gernfree sud conven-
tional rats will be given either endotoxin o= carbon tetrachloride
or both 4in an attempt to svaluate the role of the hepatotoxin, the
aicrobial flora and endotoxin inthe stiology of chronic liver disease,
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)i SUILIARY

fo date these studies with gexrmfree animals have provided
information of major importance to military medicine, particularly
in the broad area of reaction to stress, Thus it has been found
that the lymphatic tissue of animals reared in the total absencs
of a microbial flora is deficlent in immunclegically competent
cells and in humoral factors such as antidbody and gamma glodulinm
vhich are related to the defense mechsanlsu, However, when adee
quately stimulated these animals, in spite of thelir prior inex-
perience, show morphologic and humoral responses which are qualie
tatively indistinguishable from those of experienced conventional
anlmals,

This uptake of bacterial antigen and the antibody response
t0 such sntigen is esssntlally the same in germfree and convene
tional animals, The response of the lymphatic system to toxic
liver injury appears to be similar in germfree and conventinnal
animals, The local responds to traums although quantitatively
different is qualitatively the same in germfree and conventional
animals and, finaliy, the response of the lymphatic tissue to
irradistion is identical in germfree and conventional animels,

These studles suggest therefore, that the role which lym-
phatic tissue playe in the reaction to various forms of atress
and trauma is relatively independent of prior experience with the

normal nmicrobial flora,
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